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ルを用いてさまざまな基礎実験を行った．全身麻酔下に，5羽の白色家兎（体重 2.5 ～ 3.0 kg，
雄）の左腎臓を体外へ脱転，露出し，腎実質の動脈を対象としてHIFU照射（5秒間×3回）
を行った．使用した振動子は，周波数 4.44 MHz，焦点距離 42 mmのものである．このHIFU
照射を術後 7，14 日に同様に反復して行い，3か所ずつ計 9か所に照射した．28 日後に両側腎
臓を摘出し重量を測定した．また，照射前と 28 日後に腎動脈の直径（2 r・cm）および平均
血流速度（v・cm/sec）を測定し，血流量（60πr2v・ml/min）を算出した．腎動脈の血流量
は 5羽すべてに減少を認め，減少率は照射前の 1.7～ 82.7（平均 52）％であった．5羽中 4羽で，
HIFU照射側の腎が非照射側に比べ重量が減少する傾向にあった．摘出した腎組織のHE染色




























































入，それを 0.5 ～ 1.0％の吸入濃度で維持し，左腎
を露出する処置を行う直前に，ソムノペンチル 3％








直径 38 mm，周波数 4.44 MHz，焦点距離 42 mm，
焦点領域 0.7×5 mmで，画像診断用リニアプロー













Fig. 1　 HIFU procedure was performed underwater 
after exposing theretroperitoneal space and 
freely mobilizing the kidney with its vascular 
pedicle within saline.
Fig. 2　 We conducted the experiments using a speciﬁ-
cally designed transducer （4.44 MHz, 38 mm 
in diameter, focal distance of 42 mm）
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Fig. 3　 The images of berore（left） and after（right） HIFU irradiation : 









Fig. 4　Change of renal aterial ﬂow volume （％）







#1 31.16 12.24 60.7
#2 28.08 4.86 82.7
#3 25.92 13.6 47.6
#4 18.97 6.22 67.3
#5 25.31 24.89 1.7
Mean±SD 52.0±30.8







#1 36.86 21.34 －42.1
#2 19.4 24.31 25.3
#3 21.61 22.67 4.9
#4 17.55 36.34 107
#5 21.54 37.13 72
Mean±SD 33.4±58.1








#1 24.27 20.66 14.9
#2 9.54 29.38 －208













Fig. 5　Histological ﬁndings of the HIFU-irradiated kidneys
Fig. 6　Non-irradiated kidney（HE ×2）
Congestive change of the entire renal parenchyma
Table 4　HIFU-irradiated group: renal weight diﬀerence （g）
Animal right left left/right
#1 9.06 11.5 1.27
#2 11.2 7.4 0.66
#3 11.4 10.5 0.92
#4 11.2 9.34 0.83
#5 17.2 13.9 0.81
Mean±SD 0.90±0.23




#1 11.4 12.9 1.13
#2 10.94 12.22 1.12
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BLOOD VESSEL OCCLUSION USING HIGH-INTENSITY FOCUSED  
ULTRASOUND （HIFU）: MINIMALLY INVASIVE TREATMENT  
OF FETAL TUMORS
Sayo HOTTA and Akira TOKI
Division Pediatric Surgery, Department Surgery, Showa University School of Medicine
Tetsuko ISHII, Hiromasa YAMASHITA, Takashi KAKIMOTO 
 and Toshio CHIBA
Department Clinical Research and Development, National Center for Child Health and Development
　Abstract 　　 In general, fetuses with sacrococcygeal teratoma （SCT） are at risk of high output car-
diac failure with hydrops.  The aim of this study was to evaluate feasibility of high-intensity focused 
ultrasound （HIFU） for minimally invasive treatment of fetal SCT.  HIFU is an acoustic technique that 
utilizes the ultrasound power to exclusively thermocoagulate target tissues without damaging its overly-
ing and underlying organs or tissues.
　In our study, all animal experiments were conducted under general anesthesia using a speciﬁcally de-
signed transducer （4.44 MHz, 38 mm in diameter, focal distance of 42 mm）.  With the use of ﬁve Japa-
nese white rabbits, three intrarenal arterial branches were targeted and coagulated （day 0）.  Each HIFU 
procedure was performed underwater （in saline） after freely mobilizing the left kidney （with its vascular 
pedicle） from surgically exposed retroperitoneal space.  Likewise, on postoperative day 7 and 14, the 
intrarenal arterial branches underwent HIFU irradiation.  Before and after each HIFU procedure, ﬂow 
velocity of the hilar renal artery was measured using color ﬂow Doppler.  These experimental animals 
were sacriﬁced on postoperative day 28.  Immediately after sacriﬁce, each harvested kidney was grossly 
inspected and weighed with the following histological examination of the irradiated （left） as well as non-
irradiated （right） kidneys.  In all ﬁve experimental animals, renal arterial ﬂow velocity soon decreased 
after HIFU procedures and in four, the irradiated kidney weighed signiﬁcantly less as compared with 
each contralateral kidney.  In summary, HIFU irradiation successfully reduced blood ﬂow of the targeted 
renal arteries.  Thus, HIFU is expected to be useful for occluding feeding blood vessels of the tissues.  In 
conclusion, HIFU irradiation is likely to become an eﬀective and minimally invasive means of treating in-
traamniotic fetal tumors.
Key words :  high intensity focused ultrasound ; HIFU, minimally invasive therapy, intrauterine therapy, 
fetal tumor, blood ﬂow occlusion
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